APPENDIX B. Wound healing cytokine patterns over time. Representation of some of the daily changes of cytokine concentrations in drain fluid. Drain fluid was collected at 24, 48, 72, and 96 hr postsurgery.
INTRODUCTION
Research has shown a strong relationship between psychological stress and health. Thought of as a human response to a specific stimulus or "stressor," stress can initiate a cascade of events leading to a variety of detrimental effects on health. One such negative impact is that on wound healing. The mechanism by which stress is thought to exert negative impact on wound healing is through its effects on cellular immunity, leading to a disruption of the wound healing process. When normal wound healing is interrupted, chronic wounds develop, leading to increased risk of infection, increased hospital stays, and decreased quality of life. Numerous studies have shown that psychological stress may slow wound healing, but specific mechanisms remain uncertain. "Analysis of wound fluid provides an opportunity to potentially connect the mechanism of psychological stress to cellular mechanisms in the local wound site" (Lucas, 2011, p. 80) . The purpose of this research was to examine the relationships between pre-and postoperative psychological stress experienced by women who were undergoing autologous abdominal reconstruction for mastectomy. Specifically, the biochemical mediators of wound healing in the local wound environment were examined over time.
BACKGROUND

The Stress Response and Wound Healing
Psychological stress, once experienced by an individual, results in neuroendocrine signals being transmitted from the brain, leading to changes in the immune system. Cellular immunity has an important role in the regulation of wound healing through the production and regulation of proinflammatory and anti-inflammatory cytokines. Stress affects neuroendocrine functioning via two pathways, the hypothalamic-pituitary-adrenal (HPA) axis of the central This was a pilot study to examine pre-and postoperative stress experienced by women who were undergoing autologous breast reconstruction and how stress might impact wound healing, specifically examining cytokines and other chemical mediators in the wound environment. A nonexperimental descriptive design over time was utilized. Participants were women who were undergoing autologous abdominal breast reconstruction for breast cancer (N = 20) . Data were collected preoperatively and at 24, 48, 72, and 96 hr postsurgery. Complications were monitored intraoperatively and up to 30 days postsurgery. Psychological stress was measured with the 10-item Perceived Stress Scale (PSS), the Impact of Events Scale-Revised (IES-R), and a 100-mm Visual Analog Scale (VAS). Cytokines were assayed using the 27-plex kit with a Bio-Plex Plus. Although breast cancer is considered a stressor, in this sample of women, scores of the PSS, IES-R, and VAS showed that in fact these participants experienced low levels of psychological stress. All measured biochemical mediators in serum and wound fluid were detected and trends were identified. IL-1ra, IL-6, IL-8, G-CSF, IP-10, MCP-1, MIP-1β, RANTES, and VEGF were present in the highest concentrations. Significant changes in levels of cytokines in wound fluid were observed in IL-1β, IL-2, IL-5, IL-6, IL-8, IL-9, IL-10, IL-17, FGF-basic, G-CSF, MIP-1α, PDGF-bb, MIP-1β, RANTES, and TNF-α. The remaining cytokine concentrations stayed stable over time. These findings suggest that although these women were not experiencing high levels of stress, meaningful cytokine patterns were detected.
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Wound Care Department nervous system and the sympathetic-adrenal-medullary (SAM) axis of the sympathetic nervous system. When we encounter a stressful event, there is simultaneous activation of the HPA and SAM axes.
Activation of the SAM axis causes acetylcholine to be secreted from the adrenal medulla. This leads to release of the catecholamines norepinephrine and epinephrine into the systemic blood supply. This activation is responsible for the classic "fight or flight" response, such as increased heart rate, increased blood flow to the skeletal muscles, and increased glucose metabolism. These catecholamines also are responsible for activating the inflammatory response (Glaser & Kiecolt-Glaser, 2005; Sorrells & Sapolsky, 2007; Vileikyte, 2007; Yang & Glaser, 2002) .
When the HPA system is activated by stress, corticotropin-releasing hormone is released from the hypothalamus. Corticotropin-releasing hormone then stimulates the release of adrenocorticotropic hormone from the anterior pituitary into systemic circulation, which, in turn, triggers release of the glucocorticoid cortisol from the adrenal cortex. Elevated levels of cortisol suppress the immune system in a variety of ways. Cortisol inhibits the migration of leukocytes to a site of infection by decreasing capillary permeability and inhibiting chemotaxis. Cortisol has also been shown to stabilize lysosomal membranes, thus inhibiting release of their infection-fighting proteolytic enzymes. Cortisol decreases fibroblast proliferation and function at the site of injury, as well as inhibits the release of inflammatory substrates such as histamine and prostaglandins. Importantly, cortisol inhibits production of certain cytokines such as interleukin (IL)-1 and tumor necrosis factor (TNF) (Boyapati & Wang, 2007; Glaser & KiecoltGlaser, 2005) .
As recently reviewed by Lucas (2011) , wound healing is regulated by cellular processes controlled by the immune system. The complex and orderly process of normal cutaneous wound healing occurs in overlapping phases and depends upon multiple interactions among various biochemical mediators and cell types. Successful wound healing is highly dependent on an orderly progression of the first phase, the inflammatory phase. Within seconds of injury, the inflammatory phase is initiated and can last anywhere from 2 to 7 days. Platelets are activated when blood vessels are disrupted and clotting factors are released. Vasoconstriction and platelet aggregation lead to the formation of a provisional matrix for cellular migration of neutrophils and macrophages into the wounded area to begin to remove bacteria from the wound and initiate tissue repair (Christian, Graham, Padgett, Glaser, & Kiecolt-Glaser, 2006; Doughty & Sparks-Defriese; Li, Chen, & Kirsner, 2007; Mehendale & Martin, 2001 ). Inflammatory mediators such as cytokines play a crucial role in attracting phagocytes to the wound bed and orchestrating the production and release of growth factors and matrix metalloproteinase (MMP) enzymes crucial for collagen organization. These early biochemical mediators also play a role in recruiting cells and growth factors needed later for tissue regeneration (Monaco & Lawrence, 2003; Singer & Clark, 1999) .
Stress and Breast Cancer
According to the American Cancer Society, breast cancer is the most common malignancy diagnosis in women. In the United States, there were approximately 284,520 new cases of breast cancer in 2011. Approximately 39,520 deaths were attributed to breast cancer in that same year (American Cancer Society, 2011) . In 2010, approximately 93,000 women underwent mastectomy with some form of reconstruction (American Society of Plastic Surgeons, 2011). Ananian et al. (2004) showed that 83% of women choose immediate breast reconstruction following mastectomy. However, Roth, Lowery, Davis, and Wilkins (2005) documented a relatively higher incidence of psychosocial impairment and functional disability in women who pursue immediate reconstruction following mastectomy. Investigators have looked at psychological factors in women with breast cancer and how such factors impact satisfaction with their reconstruction and quality of life (Roth et al., 2005 ); yet, little is known about the effects of preand postoperative stress associated with mastectomy and reconstruction on the process and outcomes of wound healing.
Surgical wound complications such as infection, delayed closure, and wound dehiscence are associated with longer hospital stays, decreased quality of life, and increases in morbidity and mortality (Zhan & Miller, 2003) . Wounds that fail to progress through the orderly healing process and convert to chronic wounds even more significantly increase cost of care, decrease quality of life, and lead to increases in morbidity and mortality (Sen et al., 2009; Shukla et al., 2008) .
By regulating chemotaxis and cellular proliferation, cytokines, chemokines, and growth factors, which for the purpose of this article are referred to as biochemical mediators, are involved in the initiation, control, and termination of the cellular processes that occur at each phase of wound healing. Each biochemical mediator functions in various ways, alone, synergistically with another, or overlapping with another, to accomplish healing (Baker, El-Gaddal, Aitken, & Leaper, 2003) . By understanding the role of these biochemical mediators in the wound environment, we may better understand the complex biochemical interactions and mediators of healing in the wound. Given such understanding, we may further develop technologies and interventions that impact the wound environment at the cellular and biochemical levels, leading to improved healing of both acute and chronic wounds.
Examination of wound fluids has the potential to aid in developing monitoring tools, to identify markers for certain critical events in the tissues, and subsequently to offer diagnostic and prognostic information as well as opportunities to more effectively evaluate wound healing therapies. For example, in a study evaluating wound fluid from 47 patients who had undergone mastectomy, one group found that the 11% of surgical wounds that later developed an infection had significantly lower concentrations of platelet-derived growth factor (PDGF) and endothelial cell growth factor (ECGF) on Postoperative Day 1 than the noninfected wounds (p < .05). They also found that 62% of the patients who developed a seroma had significantly lower levels of basic fibroblast growth factor (bFGF) than those patients who did not develop a seroma (p < .05) (Baker, Kumar, Melling, Whetter, & Leaper, 2008) . Tarlton, Vickery, Leaper, and Baily (1997) found that a decline in MMP-9 levels between 24 and 48 hr postoperatively was a predictor of infection. In another study, Chow, Loo, Yuen, and Cheng (2003) found that high levels of IL-4 in wound fluid on Postoperative Day 1 or high levels of IL-6 on Postoperative Day 2 in women who had undergone mastectomy were associated with risk of reconstructive flap necrosis. These studies illustrate the utility for examining the process of wound healing using wound fluid to advance understanding of the potential mechanisms and modifying factors that ultimately might be targeted for improving outcomes.
THEORETICAL FRAMEWORK
An integration of Lazarus and Folkman's (1984) cognitive appraisal model of stress and coping and the McCain, Gray, Walter, and Robins (2005) model of the psychoneuroimmunology (PNI) framework guided this study. According to Lazarus and Folkman (1984) , stress is a subjective experience that occurs when a person appraises an event to be stressful and demands exceed available resources to cope or deal with that event. This interaction between the environment or stressor and the person who perceives or appraises the event as stressful is referred to as the transactional model of stress. Psychoneuroimmunology is a theoretical perspective that utilizes the transactional model of stress to explore the complex interactions and relationships between behaviors and the neuroendocrine and immune systems and the environmental and psychosocial factors that may moderate these interactions (Caudell, 1996; McCain et al., 2005 . The PNI model proposed by McCain et al. (2005) provides a framework to evaluate the complex interactions between behavior and its effects on health and well-being. "The major purpose of PNI research is to determine whether a valid association exists between risk factors such as stressors, depression or pain and the outcome" (Zeller, McCain, McCann, Swanson, & Colletti, 1996, p. 314) . Evidence supports the association between psychological stress and immune system functioning (Sergerstom & Miller, 2004) , and cell-mediated immunity, including interactions between various biochemical mediators, plays an important role in the early inflammatory stages of wound healing. It is through this pathway that stress may impair wound healing by attenuating the initial inflammatory phase of the wound healing response and thus disrupting the orderly progression of normal wound healing (Hubner et al., 1996; Lucas, 2011) .
RESEARCH OBJECTIVES
The purpose of this study was to first identify patterns of biochemical mediators present in acute surgical wound fluid over time. In addition, we wanted to describe the relationship of psychological stress and the biochemical mediators of wound healing in the local wound environment.
METHODS
Design
This study used a descriptive nonexperimental design with samples collected over time to describe biochemical patterns (including selected cytokines, chemokines, and growth factors) in surgical wounds in women undergoing breast reconstruction at a southeastern U.S. urban academic medical center. Following institutional board review approval, participants were recruited from the plastic and reconstructive surgery office over a 38-month time period.
Participants
The target population was women referred to the Virginia Commonwealth University (VCU) Plastic and Reconstructive Surgery practice for autologous breast reconstruction following mastectomy for a diagnosis of breast cancer. This convenience sample was recruited prospectively as they presented to the practice for their preoperative visits. This visit followed the consultation visit with the plastic surgeon, and the type of reconstruction had been determined prior to the preoperative research enrollment visit.
From this target population, 20 English-speaking women aged 21-65 years with breast cancer or a history of breast cancer and who were scheduled to have abdominally based autologous tissue reconstruction were enrolled in the study. For consideration of autologous abdominal tissue reconstruction, a multitude of factors are taken into consideration to identify appropriate surgical candidates. The length and complexity of these reconstructive surgical procedures require that patients be evaluated on the basis of risk factors proposed by Hartrampf (1991) , which include psychological stability, diabetes, vascular disease,
Wound Care Department weight, smoking history, past abdominal surgical procedures, pulmonary disease, and cardiac disease. Essentially, women who are considered good surgical candidates and selected by the surgeon for the procedure are in good health except for their cancer diagnosis. Also excluded from the study were patients taking immunosuppressive medications, women undergoing hysterectomy and/or oophorectomy at the time of mastectomy, women who were pregnant, or women with a medical history of autoimmune disorders. Autologous breast reconstruction provides a good model for studying acute wound healing because the abdominal incision is a clean wound uncomplicated by the biological factors and treatment-related factors associated with breast cancer such as radiation. The resulting abdominal wound has a large surface area that drains easily with conventional Jackson-Pratt drains.
Procedure
After full discussion of the study, documented informed consent was obtained. Data collected included demographic information, cancer type, dates of surgical procedures, menstrual cycle data, relevant surgical history, and chemotherapy and radiation history. Patients usually came to the clinic approximately 7-10 days before their scheduled surgery for a preoperative history and physical examination. The perceived stress questionnaires were administered at that time. The 10-item Perceived Stress Scale (PSS; Cohen, Kamarck, & Mermelstein, 1983) , 100-mm Visual Analog Scale (VAS) measuring stress, and the 22-item Impact of Events Scale-Revised (IES-R; Creamer, Bell, & Failla, 2003) were administered to evaluate preoperative perceived stress levels. Approximately 2 ml of whole blood was collected in concert with other preoperative blood work to evaluate peripheral blood levels of the same biochemical mediators measured in the wound fluid.
Following a participant's reconstructive surgery, wound fluid from the abdominal surgical site was obtained from the tubing of the Jackson-Pratt drain routinely placed in the surgical site during surgery for postoperative serous fluid management. Fluid was collected from the wound at 24, 48, 72, and 96 hr postoperatively and immediately processed and stored at −70°C in the VCU School of Nursing Center for Biobehavioral Clinical Research (CBCR) until all samples had been collected from all participants. Pain was assessed at each sample collection point, along with type of pain management being instituted. Pain was rated on a scale of 0-10, with 0 being no pain and 10 being the worst pain. At the 48-hr collection point, the IES-R and the stress VAS were readministered and an additional blood sample was collected for peripheral blood analysis of the targeted biochemical mediators at this time.
Following hospital discharge, participants were followed weekly to biweekly as part of their routine postsurgical care. Surgical complications such as the development of seroma, flap necrosis, or infection were evaluated during this time and were documented if they occurred.
Measurement of Biochemical Mediators
Levels of selected cytokines, chemokines, and growth factors in the wound fluid and plasma were determined using a Bio-Plex Plus magnetic bead array system (Bio-Rad, Inc.) with the 27-plex standardized detection kit according to the kit manufacturer's protocol. Assays were performed in the VCU School of Nursing CBCR laboratory. The BioPlex assay combines fluorescent flow cytometry and ELISA technology, providing simultaneous quantitation of each of the 27 analytes using an analyte quantity as small as 12 μl. The manufacturer reports that the assay accurately measures analyte values in the range of 1-2,500 pg/ml (well within the limits of detection for this project), is precise (intra-assay coefficient of variation [CV] <10%, interassay CV <15%), and shows less than 1% cross-reactivity among cytokines or with other molecules. The biochemical mediators detected by this standardized 27-plex kit are summarized in Appendix A.
Questionnaires and Scales
Stress was first measured by administration of the 10-item PSS (Cohen et al., 1983) . The PSS was developed on the basis of Lazarus and Folkman's transactional model of stress and was intended to evaluate the degree to which respondents perceived their lives to be unpredictable, uncontrollable, and overloaded (Cohen et al., 1983; Monroe, 2007) . This questionnaire consists of five negatively formatted and five positively formatted questions that address nonspecific appraised stress during the month before completing the questionnaire (Cohen et al., 1983) . The PSS was administered at the preoperative visit.
A VAS is designed to measure the intensity, strength, or magnitude of the individual's sensations and subjective feelings and opinions about a specific stimulus (Waltz, Strickland, & Lenz, 2005) . For this study, a 100-mm VAS was completed by participants before surgery at their preoperative visit and at 48 hr postoperatively. Participants were instructed to mark the line after being asked the question, "How much do you feel stressed right now?" The farthest left point is marked 0 or "not at all," and the farthest right point is marked 10 or "extremely."
The IES-R (Weiss & Marmar, 1997 ) is a widely used self-report measure for subjective distress related to any traumatic life event. There are 22 items divided into three subscales, Intrusion, Avoidance, and Hyperarousal. The scale asks about certain events and their frequency of occurrence over the past week. Participants are asked to rate each item in the IES-R on a scale of 0 (not at all), 1 (a little bit), 2 (moderately), 3 (quite a bit), or 4 (extremely). A total score of 26 or higher indicates powerful impact or Wound Care Department traumatic stress levels. Scores higher than 44 indicate severe impact and may adversely affect functioning (Meisel et al., 2012) . This scale was administered with the stress VAS at baseline and again at 48 hr postoperatively.
Data Analysis
Statistical analysis was performed using JMP software, Version 12. All demographic data were summarized using descriptive statistics (i.e., means and variance for continuous data and frequencies for the categorical data). Biological data were log 10 transformed for statistical manipulation. Using profile plots, the biological data were displayed over time both within and across the biochemical mediators. These plots were visually examined for patterns.
Levels of perceived stress were examined descriptively with the intention of detecting associative trends with the biological data. Correspondence of peripheral blood and wound fluid mediators was determined using Pearson's correlation. A p value of .05 or less was considered to be statistically significant.
FINDINGS
A total of 20 patients undergoing autologous breast reconstruction were enrolled in the study between September 30, 2008, and December 15, 2011. The age range of participants was 38-63 years, with a mean ± standard deviation (SD) of 50.2 ± 8.2. The BMI range was 19.3-31.8, with a mean of 26.3 ± 3.5. The majority of participants (70%) were White; all others were Black. Overall, these patients were healthy, with few reported comorbidities, including depression (30%) and hypertension (15%). All participants were postmenopausal, either reporting not having a period in the past year or that they had undergone hysterectomy at some time prior to their reconstruction (70%).
Participants undergoing immediate versus delayed reconstruction were equally divided; the type of reconstruction is summarized in Table 1 . Among the 10 participants who underwent delayed reconstruction, four had a history of failed tissue expander reconstruction in the past and eight had a history of receiving radiation therapy. Three of the 10 patients who had undergone immediate reconstruction had a history of receiving radiation therapy following segmental mastectomy for their cancer diagnosis. Cancer type and treatment also are summarized in Table 1 .
Intraoperative complications occurred in 4 of the 20 participants. Flap failure subsequently occurred in two of these four participants. Two participants required intraoperative blood transfusions.
In the immediate postoperative phase, two participants suffered migraine headaches and one developed postoperative hypertension, which delayed her discharge by 2 days. One participant developed a hematoma and another developed an arterial thrombosis in the reconstructive site; both returned to the operative suite, and both reconstructions were successfully salvaged. One participant developed a large pulmonary saddle embolus that required surgical intervention and the implementation of anticoagulants, which caused extensive bleeding from the surgical sites and led to multiple blood transfusions. Her data set was incomplete. However, her data collected prior to this significant complication were included in the data analysis.
Three of the 20 participants developed postdischarge complications. Two women experienced some distal tip necrosis of the transferred flap, which went on to heal without complications. Another developed cellulitis upon discharge and was readmitted for antibiotic therapy and had no further complications.
Psychometric Measures of Stress
In this study, we found low levels of stress preoperatively. All psychometric stress measures showed a significant positive correlation (p < .05) and are presented in Table 3 . Preoperatively, participants were asked to complete the PSS, the IES-R, and the VAS. The mean score for the preoperative PSS was 19.6, with a median of 20.5 and a standard error of 1.86; scores ranged from 3 to 37. Preoperative IES-R scores also indicated that stress levels were low at this time point. Mean IES scores were 1.26, with a median of 1.32 and a standard error of 0.18; scores ranged from 0.8 to 3.04. The VAS scores indicated a slightly higher stress level but still not severe. Preoperatively, the mean score on the VAS was 52.66, with a median score of 48.98, standard error of 7.45, and a range from 2.02 to 100. 
Wound Fluid Biochemical Profiles
All the selected biochemical mediators were detected at some level in the wound fluid, although some percentages of detection were quite low. In particular, eotaxin and IL-15 levels were detected less than 30% of the time. Differential levels of measured wound fluid mediators were observed for each postoperative day and are summarized in Table 3 .
Over time, IL-1β, IL-2, IL-6, IL-9, IL-10, IL-17, FGF-basic, G-CSF, MIP-1α, MIP-1β, PDGF-bb, RANTES, and TNF-α decreased, and all were significant with the exception of PDGF-bb. IL-5 showed a significant increase over time. IL-8 decreased over 48-72 hr and then significantly increased at 96 hr. The remaining concentrations remained stable over time. IL-1ra, IL-6, IL-8, G-CSF, IP-10, MCP-1, MIP-1β, RANTES, and VEGF were present in the highest concentrations. Wound fluid concentrations showed trends that were higher on Postoperative Day 1 than at all other time points, with the exception of IL-5, which increased over time, and IL-7, IL-12, IL-15, eotaxin, IP-10, and VEGF, which remained stable. Plots illustrating some of the wound fluid mediator changes over time are presented in Appendix B.
Serum Biochemical Mediator Profiles
The same panel of cytokine, chemokine, and growth factor levels was measured in serum preoperatively and 48 hr postoperatively; levels are summarized in Table 4 . A significant decrease over time was observed in IL-1β, IL-4, IL-5, IL-7, IL-10, IL-12, IL-13, IL-17, FGF-basic, IFN-γ, IP-10, MIP-1α, MIP-1β, PDGF-bb, TNF-α, and VEGF. Both IL-6 and MCP-1 showed significant increases over time.
Correlation of Stress Measures With Serum and Wound Fluid Mediators
This study showed several significant correlations between stress measures and levels of the selected biochemical mediators. Mediator data were log transformed because of the large range and non-normal distribution of values. In serum, there was a significant negative correlation between IL-5 and the PSS and IES-R scores at baseline. MIP-1α and MIP-1β showed significant positive correlations with the IES-R score. Two days after surgery, only RANTES showed a significant negative correlation with the IES-R score. These data are summarized in Table 5 . Although there appeared to be high correlations for many of the serum mediators and stress measures, many of them were not significant.
Relationships between wound fluid biochemical mediators and stress measures at 48 hr postsurgery were examined. As seen in Table 6 , there were some high correlations but many were not statistically significant. However, there was a significant positive correlation found between IL-2 and IES-R scores and a significant negative correlation between eotaxin and IES-R scores. Significant positive correlations were found between VAS scores and eotaxin, and significant negative correlations were identified between VAS scores and IL-12 as well as VEGF.
DISCUSSION
Numerous investigators have shown a relationship between psychological stress and wound healing, and some have specifically explored that association with wound biochemical mediators such as cytokines (Broadbent, Petrie, Alley, & Booth, 2003; Glaser et al., 1999; KiecoltGlaser et al., 2007) . To our knowledge, this is the first study to explore those relationships with respect to the local surgical wound environment, specifically surgical wound fluid mediators over time. We believe this is also the first study characterizing wound fluids in abdominal muscle flap donor site wounds, a wound type that has no associated pathologic abnormality such as cancer.
We assumed this would be a stressful period for women and that higher stress might affect wound biochemical mediators. However, the low levels of perceived stress, based on the psychological scales used, lead us to believe that our participants were not experiencing high levels of stress and that stress may not have been the most appropriate variable to measure. In addition, low mean stress scores may have been related to the small sample size, as many of the study participants had high scores on their questionnaires. Perhaps, presurgical "worry" would have been a better variable Wound Care Department to measure. Broadbent et al. (2003) noted that higher levels of presurgical worry were associated with greater postoperative pain and longer recovery times, as well as poorer self-ratings on recovery. Wound healing occurs in complex overlapping phases. In our study, time points fell within the inflammatory phase, so we expected to see higher levels of those cytokines, chemokines, and/or growth factors that are active in the inflammatory phase of healing. Interestingly, we were able to detect all 27 selected mediators at some level in wound fluid samples and the concentration of all cytokines was greatest on Day 1 postoperatively. These findings are similar to those of DiVita et al. (2006), with the exception of VEGF, where they reported higher levels of VEGF on Day 4.
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We chose to report even those mediator levels that were lower than the 50% detection limit, because even if those concentrations were low, some participants did have detectable levels and thus the data may be meaningful. Some of these cytokines have not been extensively reported for wound fluid, and at this time we do not know what role they may play, if any, in the wound healing cascade. Table 4 provides quantitative measurements of all 27 factors detected in the surgical wound fluid using the Bio-Rad 27-plex plate. Overall, the ranges detected were similar to the concentrations of acute wound fluid Wound Care Department cytokines previously reported (Baker & Leaper, 2000) . Interestingly, some studies showed varying concentrations of cytokines at the same time point postoperatively. This is most likely due to different assays having different sensitivities and specificities. Differences in surgical procedures and surgical site may also play a role. For example, Baker and Leaper (2000) demonstrated that cytokine concentrations vary on the basis of the breast surgical site versus the colon surgical site. Inflammatory cytokine production was highest in the first 24 hr postwounding, which is consistent with findings of other studies (Baker et al., 2003; Chow et al., 2003; DiVita et al., 2006) . As reflected in the daily wound fluid profiles, IL-1β, IL-6, and IL-8 concentrations were greatest at 24 hr and then decreased over time. These mediators are released by neutrophils and monocytes, which are the predominate cell types found at the site of injury in the early inflammatory phase, recruited to the wound by chemotactic factors released during hemostasis and by mast cells (Li et al., 2007) . TNF-α was also found to peak earlier and to decrease over time, a finding consistent with that of others (Hubner et al., 1996) .
IL-6 was present in the highest median concentration (56,489.28 pg/ml) of all cytokines on Day 1 or any other single time point. The concentration remained high but significantly decreased over time. IL-6 has been identified Note. IES = Impact of Events Scale; PSS = Perceived Stress Scale; VAS = 100-mm Visual Analog Scale. *p < .05.
as an early marker of the systemic inflammatory response and tissue damage (Loo, Sasano, & Chow, 2007) and thus would be expected to be elevated following a large abdominal surgical operation such as the one in our study. Prolonged elevations in levels of IL-6 have been associated with increased scarring at the wound site (Rumalla & Borah, 2001 ), but we did not follow our participants long enough to evaluate scarring. IL-1β levels declined significantly from 24 to 72 hr postsurgery. IL-1 exists in two isoforms, IL-1α and IL-1β, and plays a vital role in collagen synthesis, fibroblast growth, and keratinocyte growth, as well as activation of neutrophils (Efron & Moldawer, 2004) . However, elevated levels of IL-1 beyond the first 7 days of wound healing have been associated with poor wound healing outcomes (Barone et al., 1998; Trengove, BielefeldtOhmann, & Stacey, 2000) . This coincides with our findings in that there were no wound healing complications observed postoperatively.
FGF-basic demonstrated a peak at Postoperative Day 1 and a steady declined through Day 4, which is consistent with findings of previous studies (Baker et al., 2008; Nissen, Polverini, Gamelli, & DiPietro, 1996) . FGFbasic is thought to initiate angiogenesis in the wound until VEGF can take over (Baker et al., 2008) , but both cytokines act synergistically to stimulate endothelial cell function, migration, and proliferation (Barrientos, Stojadinovic, Golinko, Brem, & Tomic-Canic, 2008) . VEGF in our study remained stable from 24 to 96 hr postoperatively. It has been reported that VEGF peaks on day 7 following injury (Kapoor, Howard, Hall, & Appeltoon, 2004) , which was outside of the time frame for our study and thus may explain why we did not observe a significant increase. Forsberg et al. (2008) found that IL-13 and RANTES levels were suppressed in closed traumatic leg wounds and showed a high correlation with wound dehiscence following closure of those wounds. Both RANTES and IL-13 were not suppressed in this study. IL-13 remained stable over time, and RANTES was found at high levels at 24 hr and then significantly decreased over time. Again, this finding coincides with the fact that our participants had no immediate wound healing problems; our participants' wounds also were surgically precise as opposed to traumatic injuries. Several significant correlations between stress measures and mediator levels were observed. However, these correlations are not similar to those previously reported in the literature. Part of this may be related to the design of this study. We examined correlations of stress measures with wound fluid over time, whereas other studies looked at various psychological measures and wound fluid at specific time points. Glaser et al. (1999) examined the relationship of perceived life stress and the production of cytokines in the wound fluid of experimentally created skin blisters. Greater stress was associated with decreased cytokine production (IL-1α and IL-8) at the blister site 5 and 24 hr after wounding. Using the same wound model, Kiecolt-Glaser et al. (2007) looked at the effect of hostile marital relationships on wound fluid cytokines. They found that wound fluid mediators (specifically IL-6, TNF-α, and IL-1β) were decreased after conflict. Broadbent et al. (2003) reported that greater perceived stress 1 month before surgery led to lower levels of IL-1 in wound fluid 20 hr post-surgical procedure. Again, this inconsistency in our findings is very likely due to the low levels of reported stress in our sample. 
LIMITATIONS
This pilot study was limited by the small sample size, making statistical inferences difficult. Even so, meaningful biochemical mediator patterns were identified in our sample. Earlier studies by Takamiya, Fujita, Saigusa, and Aoki (2007) also demonstrated that meaningful cytokine patterns can be found with a sample as small as n = 5. Because participants had lower than anticipated levels of perceived stress, power for analyses of psychological stress and biochemical mediators was limited. All correlations between stress measures and biological measures in the study must be viewed with caution.
CONCLUSION
The purpose of this study was to gain a better understanding of psychological stress and its potential effects on the surgical wound environment. Stress has been shown to impact health, and wound healing is an additional area in which increased psychological stress has been associated with poorer outcomes. Identifying those individuals who may be experiencing stress and implementing interventions to lower that stress may have a positive impact on their health and specifically on wound healing. Although participants in our study overall did not show high levels of stress, characterization of the surgical wound environment and its biochemical mediators over time provides valuable insight into the physiological mechanisms of wound healing.
Wound fluid characterization provides the opportunity to obtain information reflecting the status of the wound at specific time points and holds potential for the development of specific biomarkers of impaired healing (Yager, Kulina, & Gilman, 2007) . Generally, "biomarkers" are biochemical mediators clinicians use to guide clinical practice. Cardiology, immunology, and endocrinology all use biomarkers in practice; yet, traditional serum biomarkers may not be the most appropriate measures to assist in decision making in the case of wound healing. Biomarkers in wound fluid are produced locally in the wound bed, are the most characteristic of activity in the wound environment, and are less susceptible to the influences of systemic elevation of white blood cells and proinflammatory cytokines following trauma, treatment interventions such as surgery, or acute elevations in circulating proinflammatory cytokines secondary to infection or trauma (Forsberg et al., 2008) . Thus, wound fluid biomarkers may ultimately prove to be clinically valuable for assessing wound healing.
Wound fluid biomarkers may provide insight into specific mediators that, when deficient or present in excess, contribute to poor or delayed healing and may one day guide specific treatment options for wounds. Such knowledge would guide decisions to either replace the deficient factor or provide an agonist or one that may downregulate other inflammatory mediators. Wound fluids may one day serve as prognostic markers of healing, may aid in predicting adverse wound outcomes, and may be beneficial in planning additional therapies postsurgery such as radiotherapy or chemotherapy. We may be able evaluate wound fluids to optimize outcomes and prevent complications such as slowed wound healing, infection, seroma development, and tissue flap necrosis.
Understanding the role of specific cytokines in wound healing may lead to the development of direct wound healing therapies to hasten healing in those patients suffering from chronic wounds. One current example is that of commercially prepared recombinant human variants of PDGF-bb (becaplermin) that have been shown to clinically improve angiogenesis, collagen deposition, and granulation tissue formation in diabetic neuropathic foot ulcers and pressure ulcers.
Finally, this study paves the way for additional work in PNI and wound healing. Although overall our population was not stressed, there were some correlations among the wound fluid environment and stress. Further research involving the analysis of wound fluid may provide insight into the associations of psychological stress with cellular mechanisms in the local wound site.
